The cognitive benefits of a greater sense of control are well-established; however, only recently have the mechanisms involved in this relationship been explored. Because of its well-established cognitive benefits and positive relationship to perceived control, physical activity has been suggested as a potential mediator. However, with age, not only does cognition tend to decline, but so does one's perception of control and their level of physical activity. Therefore, it is important to understand the relationship between these variables from a life span perspective. The goal of the current study was to expand on past work that investigated physical activity as a mediator between perceived control and change in cognition across 4 years to a multi-decade perspective that examines these variables as they change from midlife to older adulthood. To do so, we used longitudinal data across 20 years from the Midlife in the United States Study. Our results show that perceiving more control over one's life predicted less decline in cognition 20 years later, and this relationship was mediated by an increase in physical activity. We consider limitations and future directions to further our understanding of the role of physical activity in the relationship between perceived control and cognitive aging.
There is an abundance of evidence that perceiving greater control over your life is associated with key aging outcomes, including cognition (Lachman, 2006) . Perceived control has been linked to enhanced cognitive health, however only recently have the mechanisms involved in these relationships been explored (Lachman, 2006) . One proposed mechanism is physical activity . Given that physical activity declines with age (Centers for Disease Control and Prevention [CDC] , 2013), it is important to explore its antecedents and consequences. Although perceived control (Lachman, Agrigoroaei, & Rickenbach, 2015) and cognitive health (Salthouse, 2009 ) also decline on average in later life, there are individual differences and there is evidence these factors can be modified. The goal of this study is to further explore the relationship between sense of control, physical activity, and cognition throughout adulthood.
Age and Perceived Control
Perceived control is typically considered to be a product of one's view of the self and environment as opposed to a set personality trait. Although some evidence suggests that perceived control tends to peak in midlife and then decline into older adulthood (Mirowsky & Ross, 2007) , the general pattern appears to be that control beliefs decline with aging (Hooker & McAdams, 2003) suggesting that older adults feel more vulnerable in terms of their ability to control outcomes involving their health (Lachman, 2006) . This pattern of decline is perhaps expected due to the increase in losses and decrease in gains associated with aging, and that these changes are frequently uncontrollable (Lachman, Neupert, & Agrigoroaei, 2011) . In fact, one's level of perceived control may become more important as we age. It tends to be a stronger predictor of outcomes related to successful aging, such as health. For example, Lachman and Agrigoroaei (2010) found that the age-related declines in functional health were attenuated by one's level of perceived control, among other protective factors such as social support and physical activity.
Cognitive Benefits of Perceived Control
A greater sense of control has been associated with enhanced cognitive performance including better memory performance (Windsor & Anstey, 2010) , greater strategy use (Lachman & Andreoletti, 2006) , and greater effectiveness of cognitive training (Rebok, Rasmusson, & Brandt, 1996; Wolinsky et al., 2010) . In fact, recent findings from the Advanced Cognitive Training for Independent and Vital Elderly study suggested that one's locus of control could be a factor in understanding why some are at greater risk for developing cognitive impairment (Zahodne et al., 2015) . Additionally, those with a greater sense of control are less likely to show age-related declines in cognitive functioning (Caplan & Schooler, 2003; .
Indeed, as is true for other health outcomes noted above, one's level of perceived control may be even more important for one's level of cognition with increasing age. There have been mixed results as to whether or not the relationship between control beliefs and cognition are age-dependent. For example, Lachman and Agrigoroaei (2012) explored anxiety as a mechanism between control beliefs and cognition and did not find that the relationship between control beliefs and cognition was moderated by age in a life span sample aged 22 to 84. Similarly, did not find age-dependent effects when examining physical activity as a mechanism between perceived control and cognition across 4 years. In contrast, the relationship between control beliefs and memory was found to be greater for middle-aged and older adults than for younger adults in another study (Lachman, 2006) .
Mechanisms
The directionality of the relationship between control beliefs and (physical, cognitive, and psychological) health has been debated for quite some time. Some of the most promising work from longitudinal studies shows that perceived control does have an influence on important outcomes such as health and longevity (Infurna, Ram, & Gerstorf, 2013; Turiano, Chapman, Agrigoroaei, Infurna, & Lachman, 2014) . Nevertheless, the evidence also suggests that the relationship is reciprocal; beliefs not only affect health, but changes in health in turn influence beliefs about control (Infurna & Okun, 2015) . Soederberg-Miller and Lachman (1999) proposed a conceptual model, updated by Robinson and Lachman in 2016, concerning some of the possible mechanisms linking control beliefs and performance, as well as potential mediators. Control beliefs are believed to influence outcomes and performance through behavior (e.g., strategy use), physiology (e.g., anxiety, stress), motivation (e.g., effort), or affect (e.g., depression). This model, derived from social learning theory (Bandura, 1997) , assumes the processes to be reciprocal and cyclic such that the outcomes (e.g., memory, physical declines, well-being) may impact one's control beliefs, self-efficacy, and feelings of mastery, or beliefs about one's abilities, and/or constraints, which in turn can impact possible behavioral or physiological mediators as well as future outcomes (Bandura, 1997; Soederberg-Miller & Lachman, 1999) .
For example, older adults who are experiencing trouble with their memory or physical ability may react with a decreased sense of control in these domains, especially if the difficulties can be attributed to uncontrollable factors (e.g., age, injury). This lowered sense of control can be harmful if it is associated with increased stress, anxiety, or inactivity . In sum, perceived control and related behaviors seem to be involved in a multidirectional, reciprocal relationship wherein perceived control is both a predictor and outcome of age-related changes such as memory (Lachman, Weaver, Bandura, Elliott, & Lewkowicz, 1992; SoederbergMiller & Lachman, 1999) and health (Skaff, 2007) .
Physical Activity
Conceptual models of perceived control outline that physical activity may underlie why perceived control is protective against cognitive health Rodin, 1986; Uchino, 2006) . For example, perceiving more control is related to engaging in healthpromoting behaviors and exhibiting better health profiles Lachman & Firth, 2004; White, Wójcicki, & McAuley, 2012) , which in turn influence cognitive health. The cognitive benefits of physical activity are well-documented across the life span, with support for every age group from children to older adults (for review see Erickson, Hillman, & Kramer, 2015) . However, as older adults typically experience the most significant cognitive deficits (Salthouse, 2009) , physical activity may be even more beneficial for them. Past work has found cognitive benefits from both light intensity activity, such as leisurely walking, and higher intensity aerobic activity (Colcombe et al., 2004; Erickson et al., 2015) . Within the cognitive domain, there is evidence for exercise-related improvements for both executive functioning (e.g., processing speed; Frederiksen et al., 2015) and memory (e.g., spatial/episodic memory; Erickson et al., 2011) . However, there is some evidence to suggest that these functions are distinctly influenced by physical activity, where processes that require executive control, in contrast to memory, tend to exhibit more robust findings (Kramer et al., 1999; Smith et al., 2010) .
As such, physical activity may act as a mediator linking perceived control and cognition. If one feels more in control he or she would be more likely to engage in positive health behaviors such as physical activity, and subsequently would reap the benefits of physical activity such as enhanced cognitive performance. Examining physical activity as an underlying factor will afford a preliminary understanding of plausible mechanisms for the relationship between perceived control and health outcomes, including cognition. Furthermore, examining whether change in a mediator such as physical activity affects the relationship between perceived control and cognition has the potential to shed light onto how mediation processes progress with time. Ultimately, this examination will further our knowledge of personalized prevention and intervention programs so as to protect against or minimize declines (Robinson & Lachman, 2016; Spiro & Brady, 2011) .
Current Study
Consistent with Lachman's integrative model of perceived control (Lachman, 2006; Lachman et al., 2011) , empirical evidence suggests that higher levels of perceived control are directly associated with higher levels of physical activity Roepke & Grant, 2011; White, Wójcicki, & McAuley, 2011) and that higher levels of physical activity have a positive influence on cognition (Lachman & Firth, 2004; Spiro & Brady, 2011; Stampfer, 2006) . Such studies, however, have typically focused only on one of these underlying factors and primarily used data obtained at one time point. furthered this work by simultaneously testing these underlying factors and exploring their relationship longitudinally. Specifically, they examined physical activity as a mediating factor in the relationship between perceived control and episodic memory. Using data from the Health and Retirement Study, found that levels of and 2-year changes in physical activity mediThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ated the relationship between perceived control and memory change. These findings illustrate that perceived control and physical activity influence changes in memory. Additionally, these findings set the precedent for continued exploration in this topic. Specifically, does physical activity mediate the relationship between other control-cognition associations (e.g., executive functioning)? Additionally, it is important to expand this investigation of longitudinal mediation to longer time spans: how do these relationships change across adulthood, and how do they transition from midlife to older adulthood? This is particularly necessary due to the fluctuating life span trajectory of perceived control, physical activity, and cognition. Therefore, the objective of the current study was to extend previous work identifying physical activity, and changes in level of physical activity, as a mediating factor between perceived control and cognition (both episodic memory and executive functioning) across 20 years' time. This study used data from the Midlife in United States study (MIDUS), a nationally representative sample of middle-aged and older adults with data on multiple behavior and psychological health factors. We examined whether changes in control predicted changes in physical activity and cognition. Indirect effects were estimated from perceived control to cognition 20 years later through physical activity. Specifically, we hypothesized that initial level of, and change in perceived control would predict change in cognition, and that this relationship would be mediated by change in physical activity.
Method

Participants
This study was approved by the participating universities' institutional review boards. Participants were community-dwelling adults from the MIDUS, which was conducted at three time periods. Wave 1 data were collected in 1995 and 1996 through random digit dialing (RDD) of U.S. households with at least one telephone in the contiguous 48 states, stratified by age with an oversample of those between 40 and 60 years of age (Brim, Ryff, & Kessler, 2004) . The participants ranged in age from 24 to 75 years (M ϭ 46.40, SD ϭ 13.00). The overall response rate was 70% for the telephone interview. Wave 2 data were collected in 2004 and 2005 and consisted of 4,955 adults aged 32 to 84 years, which is approximately 75% of the original sample, adjusted for mortality (Brim et al., 2004) . Wave 3 data collection spanned from 2013 to 2014. Of the sample from Wave 2, 76.9% of those eligible (N ϭ 3,294) were retested, with a completion rate of 82% (N ϭ 2,693) of the eligible participants. Wave 3 ranges in age from 42 to 92 years (M ϭ 64.30, SD ϭ 11.2). Descriptive statistics for covariates and all observed variables can be found in Table 1 and bivariate Pearson correlations for covariates and all latent variables are displayed in Table 2 . At Wave 1, 52.53% of participants were female, ages 20 to 75 (M ϭ 46.77, SD ϭ 12.92). Participants were fairly well-educated, with 16% reporting at least a 4-year college degree. Average functional health at wave 1 was 3.60 (SD ϭ 0.67).
Measures
Covariates. Consistent with Infurna and Gerstorf's (2013) models, we included age as a covariate to examine the predicted relationships irrespective of age. Age was calculated by subtracting the testing date from the participant's birthdate. We also included gender, education, and functional health as covariates. Gender was measured via self-report and coded as a dummy variable. Years of educational attainment was determined with a categorical measure of level of education from 1 (no school/some grade school) to 12 (PhD, EdD, MD, DDS, LLB, LLD, JD, or other professional degree), which was treated as an ordinal variable in analyses. Functional health was measured with seven items from the Physical Functioning subscale from the SF-36 Health Survey (Ware & Sherbourne, 1992) . The seven items capture the This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
extent to which the participants' health level limits them in doing different activities: lifting or carrying groceries; bathing or dressing; climbing several flights of stairs; bending, kneeling, or stooping; walking more than a mile; walking several blocks; and walking one block. Two items that asked about moderate (such as bowling or vacuuming) and vigorous activities (such as running or lifting heavy objects) were not included as moderate and vigorous activity was one of our primary outcome variables. The scores ranged from 1 (a lot) to 4 (not at all) and were reverse-coded and averaged so that a higher score indicated worse functional health. Perceived control. Perceived control was assessed with the MIDUS sense of control scale (Lachman & Weaver, 1998) at all three waves of data collection, however wave 3 was not included in our model as we were focused on perceived control as a predictor variable. This scale consisted of two subscales: personal mastery (e.g., I can do just about anything I really set my mind to) and perceived constraints (e.g., What happens in my life is often beyond my control). The scores ranged from 1 (strongly agree) to 7 (strongly disagree). Prenda and Lachman (2001) report high reliability for this scale (␣ ϭ .85). All items were coded so that a higher score reflected a greater sense of control. A latent variable of perceived control was constructed for Waves 1 and 2 from the observed scales of personal mastery and perceived constraints.
Physical activity. Physical activity was assessed through selfreport at all three waves of data collection, however only Waves 2 and 3 are included in our model as we were focused on physical activity change as an outcome variable. At Waves 2 and 3, participants were asked to report how frequently they participated in vigorous (e.g., running or lifting heavy objects) and moderate physical activity (e.g., slow or light swimming, brisk walking) during both the summer months and the winter months, in home, work, and leisure settings (12 items total) using a scale ranging from 1 (several times a week or more) to 6 (never). Activity was assessed for winter and summer months to include both colder and warmer months, as people may differ in their activity levels across the seasons. All items in all waves were reverse coded so that a higher number indicates more physical activity.
Using the scoring method of Cotter and Lachman (2010) , we created a continuous measure of physical activity. First the participant's highest moderate physical activity score from either the work, home, or leisure category in the summer months was averaged with the participant's highest moderate physical activity score from either the work, home, or leisure category in the winter months to create the participants' moderate activity score. In this manner, if the participant performed regular moderate activity in the home but not at work or during leisure time, the respondent was still classified as regularly moderately active. Identical procedures were followed to create vigorous physical activity scores. The highest score of these (moderate or vigorous) was used as the measure of frequency of physical activity, resulting in a physical activity score that could range from 1 to 6, with a higher number indicating greater levels of physical activity (the items are in Appendix). As suggested by Cotter and Lachman (2010) , scoring this measure with this method yields the best approximation possible to data from the Centers for Disease Control and Prevention (Harris et al., 2013) , which recommends that adults accumulate at least 150 min of moderate aerobic activity or 75 min of vigorous aerobic activity per week, or a mixture of both moderate and vigorous activity. Similar scoring procedures have been done before and yielded reliable results that were comparable to similar, well-established assessments from the CDC (Cotter & Lachman, 2010) . Physical activity was included in the model as an observed construct.
Cognition. We assessed two cognitive factors, episodic memory (EM) and executive functioning (EF), at Waves 2 and 3 with the Brief Test of Adult Cognition by Telephone (BTACT). The BTACT is a battery composed of seven subtests that were designed to test six areas of cognition that are sensitive to age effects. The seven subtests make up two cognitive factors: EM and EF. A latent EM factor score was constructed with immediate and delayed word list recall scores, with a higher number reflecting better EM. A latent EF factor score was constructed with the observed scores for working memory span (backward digit span-the highest span achieved in repeating strings of digits in reverse order), verbal fluency (the number of words produced from the category of "animals" in 60 s), inductive reasoning (completing the pattern in a series of five numbers), processing speed (the number of digits produced by counting backward from 100 in 30 seconds), and attention switching and inhibitory control (the stop and go switch task; Lachman, Agrigoroaei, Tun, & Weaver, 2014) . All tests were scored so that a higher number reflected better EF. See Lachman et al. (2014) for a more details on the BTACT and scoring. We This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
estimated EM and EF as separate latent variables given previous work has demonstrated that EM and EF are differentially influenced by physical activity (Kramer et al., 1999) .
Analyses
Using structural equation modeling (SEM), analyses involved two phases using the Mplus 7.4 software package (Muthén & Muthén, 1998 -2007 . The first phase involved the assessment of measurement model fit. The second phase tested our mediational hypotheses using a latent change score approach to examine both direct and indirect effects.
Model fit. SEM was utilized to analyze the covariance structure, estimate regression paths and error terms, and assess model fit. Missing data, which are extremely common in longitudinal studies, were also estimated with maximum likelihood (ML) procedures. Using ML methods in SEM has demonstrated to be accurate and less biased than conventional methods such as listwise or pairwise deletion (Enders & Bandalos, 2001 ). The following commonly used indices were used as benchmarks to assess the model fit: likelihood ratio chi-square, comparative fit index (CFI), and root mean squared error of approximation (RMSEA). Likelihood ratio chi-square provides a test for fit of the model based on the chi-squared distribution. The chi-square test is extremely sensitive to large sample sizes (Kline, 2005) and will always reject models with large sample sizes. Due to this issue, and the large sample sizes in the present study, chi-square values are reported but results for its associated significance test are not. For the CFI, values above .95 are generally considered a very good fit, and values above a .90 are considered a good fit (Bentler & Bonnett, 1980) . It is commonly recommended that RMSEA values less than .06 indicate good fit, while values above .10 indicate poor fit (Hu & Bentler, 1998) .
First, a measurement model was created to examine the model fit to the data. We began by specifying an initial measurement model for the time-varying latent constructs of perceived control, physical activity, EM, and EF. The loadings of personal mastery and immediate word list recall were fixed to 1.0 to scale the latent variables and identify the model. The loadings of the remaining variables were left free to be estimated. From this initial measurement model, we followed the recommended modification indices in a stepwise fashion to ensure the model was a good fit to the data. Next, a structural model was created with contemporaneous and cross-lagged paths from predictor to outcome variables. From this structural model, we formed a full model that examined the relationship between perceived control at Waves 1 and 2, physical activity Waves 2 and 3, EM at Waves 2 and 3, and EF at Waves 2 and 3, with Wave 1 age, sex, educational level, and functional health covarying at Wave 1 perceived control, and Wave 2 activity, EM, and EF. This model also included the latent change scores between waves for perceived control, physical activity, and EM and EF.
Mediation. Direct and indirect effects can be seen in Figure 1 . The following four indirect effects were estimated:
Direct and indirect effects were reported using the MODEL INDIRECT option in Mplus. To further assess for evidence of mediation, asymmetric confidence intervals for the product of these paths were calculated (MacKinnon, 2008) . If the confidence interval did not include zero, there was evidence of statistical mediation.
Reverse directionality. Past work regarding perceived control and its associated mechanisms and outcomes assumes the processes to be reciprocal and cyclical such that the outcomes (e.g., memory, physical declines, well-being) may impact one's control beliefs, self-efficacy, and feelings of mastery, or beliefs about one's abilities, and/or constraints, which in turn can impact possible behavioral or physiological mediators as well as future outcomes (Bandura, 1997; Soederberg-Miller & Lachman, 1999) . Because of this, our mediation model was retested with EM and EF predicting perceived control at the next wave through physical activity. However, because MIDUS did not test for cognition at Wave 1, this reverse mediation model only included Waves 2 and 3.
Family dependence. As the MIDUS sample included siblings of the main respondents and a subpopulation of twins, in line with past work (Hughes, Agrigoroaei, Jeon, Bruzzese, & Lachman, 2011; Lachman & Agrigoroaei, 2010) , all analyses were reexamined within a multilevel structure in Mplus that clustered data based on family ID. This predicted robust, sandwich estimates of standard error by clustering at the family level to account for potential nonindependence in the data set. Parameter estimates obtained from these analyses accounting for this data clustering were analogous with our original models. There were a few differences in p values of our predicted direct effects, however there were no differences in our predicted indirect effects. Because the models were similar, the following reports results from our original analyses that excluded the family random effects term from the model.
Results
Using structural equation modeling (SEM), analyses involved two phases using the Mplus 7.4 software package (Muthén & Muthén, 1998 -2007 . We first constructed a measurement model for the time-varying latent constructs of perceived control and cognition. The loadings for each latent construct were set to be equal across occasions, given the assumption of structural invariance in terms of factor loadings, as this was the best fit found in Hughes et al. (2011) . The model indicated a poor fit to the data, 2 (165) ϭ 4326.87, p Ͻ .05, comparative fit index (CFI) ϭ .828, and root mean square error of approximation (RMSEA) ϭ .062. As expected with models using the same measures across multiple time points (Cole & Maxwell, 2003) , modification indices suggested that allowing the residual terms of observed variables to correlate across waves would significantly improve model fit. Residual terms were freed in a stepwise fashion, starting with the measure that would provide the greatest improvement to model fit according to the modification indices. Following these modifications, the model provided a good fit to the data, 2 (129) ϭ 1628.10, p Ͻ .05, CFI ϭ .936, RMSEA ϭ .042. On the basis of our measurement model, we used a latent change model in which we constructed latent variables to represent change between waves of perceived control, physical activity, and cognition. We also controlled for age, sex, education, and health at This document is copyrighted by the American Psychological Association or one of its allied publishers.
Wave 1 perceived control, and Wave 2 physical activity and cognition. This model provided a good fit to the data, 2 (211) ϭ 2162.66, p Ͻ .05, CFI ϭ .929, RMSEA ϭ .038 (Table 3) . Results from the latent change score analyses to assess longitudinal mediation can be found in Table 4 which lists the results of the standardized estimates for all possible pathways, including direct and indirect effects, and the associated 95% bias-corrected bootstrap confidence. A diagram of this model can be found in Figure 1 . This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
Direct Effects
Perceived control. As is often the case with psychological measures that do not have perfect reliability, initial level of perceived control was negatively related to change in perceived control (␤ ϭ Ϫ0.40, SE ϭ 0.02, p Ͻ .001), which may reflect regression toward the mean. We elaborate on this further in the discussion section.
Physical activity. Both level of perceived control at Wave 1 (␤ ϭ 0.10, SE ϭ 0.02, p Ͻ .001) and change in perceived control from Wave 1 to 2 (␤ ϭ 0.05, SE ϭ 0.02, p ϭ .027) predicted greater activity at Wave 2. Interestingly, activity level at Wave 2 negatively predicted change in activity to Wave 3 (␤ ϭ Ϫ0.59, SE ϭ .01, p Ͻ .001). Change in perceived control from Wave 1 to 2 did not predict change in activity from Wave 2 to 3; however, level of perceived control at Wave 1 did predict less change in activity from Wave 2 to 3 (␤ ϭ 0.07, SE ϭ 0.02, p Ͻ .001).
Cognition. Episodic memory. Being more active at Wave 2 was not significantly associated with better EM at Wave 2. Additionally, greater levels of perceived control at Wave 1 (␤ ϭ 0.08, SE ϭ 0.02, p Ͻ .001) and greater change in perceived control from Wave 1 to Wave 2 (␤ ϭ 0.07, SE ϭ 0.02, p ϭ .004) predicted better EM at Wave 2. Change in activity level was not associated with EM at Wave 2.
Neither level of perceived control at Wave 1, nor change in perceived control from Wave 1 to 2, predicted change in EM. Activity level at Wave 2 did significantly predict less decline in EM from Wave 2 to Wave 3 (␤ ϭ 0.14, SE ϭ 0.03, p Ͻ .001). Change in activity from Wave 2 to 3 was significantly associated with less decline in EM (␤ ϭ 0.09, SE ϭ 0.03, p ϭ .001). EM at Wave 2 negatively predicted decline in EM at Wave 3 (␤ ϭ Ϫ0.39, SE ϭ 0.02, p Ͻ .001).
Executive functioning. Being more active at wave 2 was significantly associated with better EF at Wave 2 (␤ ϭ 0.06, SE ϭ 0.02, p ϭ .009). Additionally, greater levels of perceived control at Wave 1 (␤ ϭ 0.08, SE ϭ 0.02, p Ͻ .001) and greater change in perceived control from Wave 1 to Wave 2 (␤ ϭ 0.08, SE ϭ 0.02, p ϭ .001) predicted better EF at Wave 2. Change in activity level was not associated with EF at Wave 2.
Level of perceived control at wave 1 did not predict decline in EF, nor did change in perceived control from Wave 1 to 2 to change in EF (p ϭ .054, 95% CI [Ϫ0.155, 0.002]). Activity level at Wave 2 did not significantly predict decline in EF from Wave 2 to Wave 3. An increase in activity from Wave 2 to 3 (␤ ϭ 0.18, SE ϭ 0.05, p ϭ .001) was significantly associated with less decline in EF. Level of EF at Wave 2 did not significantly predict less decline in EF.
Indirect Effects
We estimated two indirect effects in the latent change score model for both episodic memory and executive functioning, resulting in four total indirect effects. Table 4 shows these four indirect effects, and the associated 95% bias-corrected bootstrap confidence intervals. Figure 1 shows the standardized estimate labels for all paths in the latent change score model. There is evidence supporting the presence of two of these indirect effects.
Episodic memory. Our first predicted indirect effect was supported, such that change in physical activity mediated the relationship between initial level of perceived control and less decline in EM (95% CI [.002, .012]). Our second predicted indirect effect of change in perceived control and change in EM mediated by change in physical activity was not supported. Overall, our results support that a higher initial level of perceived control predicted less decline in EM, and this was mediated by an increase in physical activity.
Executive functioning. Our first predicted indirect effect was supported, in that change in physical activity mediated the relationship between initial level of perceived control and change in EF (95% CI [.002, .012]). Our second predicted indirect effect of change in perceived control and change in EF mediated by change in physical activity was not supported. Overall, our results support that a higher initial level of perceived control predicted less decline in EM, and this was mediated by an increase in physical activity.
Reverse Directionality
To see if EM or EF predicted later perceived control, and if this relationship was mediated by physical activity, we constructed a reversed model. This reversed model fit the data well, 2 (218) ϭ 2195.21, p Ͻ .05, CFI ϭ .924, RMSEA ϭ .046. For direct effects, neither initial level of EM nor EF at Wave 2 predicted less decline in perceived control from Wave 2 to Wave 3. However, there was a significant relationship between activity and change in perceived control from Wave 2 to 3 (␤ ϭ 0.06, SE ϭ 0.03, p ϭ .043). There were no significant indirect effects from initial level of EM or EF at Wave 2 to change in perceived control from Wave 2 to 3 through change in physical activity. Thus, the results are more consistent with the predicted direction of effects.
Discussion
In general, results support the prediction that physical activity mediated the longitudinal relationship between perceived control and cognitive functioning 20 years later. This study provides support for the conceptual models of health behaviors, such as physical activity, as mediators of the relationship between perceived control and age-related outcomes, such as cognitive functioning (Robinson & Lachman, 2016; Soederberg-Miller & Lachman, 1999) . previous empirical work found that level of, and 2 year change in, physical activity mediated the relationship between perceived control and episodic memory (EM). The present study extended these findings not only to another cognitive domain, executive functioning (EF), but across a longer time frame (10 to 20 years compared with 4 years) This document is copyrighted by the American Psychological Association or one of its allied publishers.
as well as a focus earlier in midlife, when perceived control is perhaps at the most risk for decline (e.g., Lachman, 2006; Lachman et al., 2011; Mirowsky & Ross, 2007) . Although the initial descriptive analyses and correlations indicated that EM and executive functioning EF were similarly related to perceived control and physical activity, previous work suggesting selective effects of physical activity on EM versus EF (e.g., Colcombe & Kramer, 2003; Kramer et al., 1999) prompted us to examine these direct and indirect effects as two separate factors. The pattern of direct effects between EM and EF were similar. In line with our predictions and previous work (e.g., Lachman, 2006; Lachman et al., 2011; Salthouse, 2009) , physical activity, EM, and EF were all negatively related to age. Controlling for age, gender, education, and functional health, our results demonstrated that initial level of perceived control at wave 1 predicted level of physical activity 10 years later, and change in physical activity 10 years after that. However, change in perceived control did not predict change in activity. Those who reported being more physically active demonstrated better EM and EF, but not change in EM or EF. However, if one increased their activity level they were less likely to decline in EM and EF. We see evidence that initial level of perceived control predicted less decline in both EM and EF 20 years later, mediated by change in physical activity. Level refers to individual differences in the amount of control, whereas change refers to the within-person differences from one wave to the next. One of the problems when assessing change in psychological research has been regression toward the mean (Nesselroade, Stigler, & Baltes, 1980; Raykov, 1993) . Salthouse (2012) discusses the effects of regression toward the mean in longitudinal models examining cognitive change. He suggests that the effects of regression toward the mean could be operating in many latent change analyses in which relations of the intercept and slope are examined. That is, negative relationships could reflect more positive change at lower ability levels, and positive relationships could be underestimates of the true effects because they may be attenuated by regression effects (Salthouse, 2012) . Indeed, in our model we do see that initial level of perceived control, physical activity, EM, and EF are all negatively related to their respective change scores. It is possible that those who were lower in our outcomes of interest may have had more room to improve on the subsequent wave of testing; however, on average, perceived control, EM, and EF declined across waves. Because the relationships between perceived control, physical activity, and cognition are thought to vary with age, we first tested the latent change score model when controlling for age, and then examined the model separately, for three age groups: young (Ͻ1 standard deviation below the mean), middle-aged (one standard deviation below to one standard deviation above the mean), and older adults (Ͼ1 standard deviation above the mean). The pattern of results for these models was consistent across age groups. This suggests that change in physical activity mediates the relationship between initial level of perceived control and change in cognition for young, middle-aged, and older adults, which is consistent with previous work . Perhaps this is not surprising, as perceived control was not significantly related to age.
The MIDUS dataset offers an impressive depth of longitudinal data with three waves spanning 20 years. However, in our model, with three waves of control beliefs data and only two waves of cognitive data, we are unable to include change scores with completely distinct time frames (i.e., we included perceived control from Wave 1 to Wave 2, physical activity from Wave 2 to Wave 3, and cognition from Wave 2 to Wave 3). As such, our change score for physical activity does not temporally precede the period of change in cognitive performance, rather the model considers simultaneous change in cognition. However, we have some preliminary support for the direction of effects, as we did not find support for mediation in our reversed model (where EM and EF are predictor variables and perceived control is the outcome). Therefore, we have some added confidence for the interpretation of the parameter estimates and the direction of effects. It is promising, in terms of the directionality of the predicted model, that the reversed model did not provide evidence for significant indirect effects from initial level of cognition to change in perceived control through change in physical activity. Although this comparison can offer support for the predicted direction of these relationships, it is important to note that reversing the arrows in a mediation model and comparing them is not the final step in determining directionality (Thoemmes, 2015) . More definitive conclusions will depend on the collection of additional waves of measurement to investigate directionality within these relationships to test reciprocal models of change (Robinson & Lachman, 2016; Soederberg-Miller & Lachman, 1999) .
Limitations and Future Directions
This study was the first attempt, to our knowledge, to examine the mediational role of physical activity in the relationship between perceived control and cognition across a span of two decades. However, several limitations should be noted as future avenues to continue and expand on this work. One limitation is a lack of objective physical activity measurement. Although selfreport measurements are useful to help gain insight into one's level of physical activity, they possess several limitations in terms of their reliability and validity, such as a capacity to over-or underestimate true physical activity and/or inactivity, and potential issues of recall and response bias (e.g., social desirability, inaccurate memory) (Prince et al., 2008; Shephard, 2003) . Future work could objectively measure physical activity with direct measures such as calorimetry, physiologic markers, and motion sensors and monitors, such as accelerometers, pedometers, and heart rate monitors (Sullivan & Lachman, 2017) . Objective assessments, and more trials or items at each wave of assessment, could help to reduce measurement error and the magnitude of any regression toward the mean artifacts (Barnett, van der Pols, & Dobson, 2005) . The use of structural equation models with latent factors and latent change scores is one way to address issues of unreliability of measurement and potential regression to the mean (McArdle & Nesselroade, 2014) .
Additionally, although both EM and EF did, on average, decline from Wave 2 to Wave 3, there may be possible retest effects from the repeated assessment of cognition. However, previous work suggests that after an interval of 7 years, retest effects are typically not detectable (Salthouse, Schroeder, & Ferrer, 2004) . As the average interval between waves in MIDUS was 9 years, the potential retest gains are expected to be minimal. Indeed, recent work compared the longitudinal sample to another similar sample that had only taken the BTACT once and found no significant This document is copyrighted by the American Psychological Association or one of its allied publishers.
retest effects (Hughes et al., 2011) . Another potential limitation lies in the auditory nature of the cognitive test. Although methods were taken in attempt to eliminate any confounding age effects due to hearing loss by administering a brief hearing test prior to the BTACT, it is possible that age-related differences in cognition may be due to age-related differences in hearing. Only a small number of adults reported hearing problems and in those cases the volume was adjusted. Moreover, a previous study found age-related differences in the BTACT were unchanged after controlling for self-rated hearing . Nevertheless, more sensitive audiometric assessments would be helpful for a more comprehensive understanding of the impact of hearing on the BTACT performance (Wingfield, Tun, & McCoy, 2005) . Examining if physical activity acts as a mediator between perceived control and cognition is, in reality, only the tip of a complex iceberg that elicits further inquiries as to the mechanisms involved within these specific relationships. That is, why does a greater perception of control lead to more physical activity? Perhaps perceived control over one's daily life and schedule is what is driving this relationship. Future work should aim to investigate this mechanism. Of note, we did examine our latent change mediation model separately for moderate activity and for vigorous physical activity and found a similar pattern of significant results for the two intensities. These results were comparable to the model that included both intensities together. Current work is beginning to examine the dose response of physical activity on cognition; that is, how much is necessary to make a difference (e.g., U.S. National Library of Medicine, 2016; Vidoni et al., 2015) . The relationships between perceived control, physical activity, and cognition are well-documented, and the current study empirically supports physical activity as a mechanism between control and cognition; however, more work is needed to understand to what degree one needs to increase their sense of control or activity to see substantial differences (Erickson et al., 2015) .
Physical activity is just one example of engagement in a healthy habit that is associated with enhanced cognition later in life. Although there is specific neuronal evidence as to why physical activity is beneficial for cognition, it may also be beneficial in that engaging in physical activity is associated with engaging in other healthy habits, such as maintaining a particular diet or engaging in cognitively stimulating activities, which would also predict enhanced cognition (Otaegui-Arrazola, Amiano, Elbusto, Urdaneta, & Martínez-Lage, 2014). Engagement in other healthy habits would likely require a higher sense of control, as well. Forthcoming work would benefit from examining other mechanisms linking perceived control and cognition, such as engagement in other healthy habits (cognitive activity, social contact, diet, etc.). Finally, the cognitive benefits of physical activity are well-known, yet a recent report suggests that only about 20% of adults meet the recommended guidelines for physical activity (Clarke, Norris, & Schiller, 2017) . Future studies are needed to further investigate the importance of perceived control for engaging in regular physical activity throughout life as a means to maintaining cognitive health (Lachman, Lipsitz, Lubben, Castaneda-Sceppa, & Jette, 2018; Robinson & Lachman, 2016) . This is particularly important as the transition from midlife to older adulthood typically coincides with the transition from working to retirement, where regular activity from a steadier schedule can be disrupted and there is a need to find strategies to maintain consistent activity.
Conclusion
Overall, this study provides support for theoretically derived predictions about health behaviors, such as physical activity, as mediators of the relationship between perceived control and agerelated outcomes, such as cognitive functioning (Robinson & Lachman, 2016; Soederberg-Miller & Lachman, 1999) . Additionally, this study expands on previous empirical work by demonstrating that physical activity not only plays a mediational role between perceived control and episodic memory, but that it is also an important mechanism related to executive functioning. Additionally, our results demonstrate a long-term longitudinal relationship between perceived control and cognitive functioning over 20 years later, from midlife to older adulthood, when perceived control is typically most vulnerable to decline (e.g., Lachman, 2006; Lachman et al., 2011; Mirowsky & Ross, 2007) . Those who had higher perceived control and increased their physical activity were less likely to show declines in episodic memory and executive functioning 20 years later. This study highlights the importance of maintaining one's sense of control into older adulthood and can inform future policy work and intervention development aimed at enhancing physical and cognitive health in an aging population.
